Objectives: To investigate the relationship between cardiovascular diseases risk factors, cardiorespiratory fitness and three different indicators of fatness, and investigate if these relationships are independent by each other.
INTRODUCTION
Clustering of CVD risk factors is known as the coexistence of several risk factors in the same subject [1] . There is a multiplicative effect of the biological risk factors when they occur together for a particular subject [2] , which may have higher clinical relevance. Furthermore, CVD risk factors clustering have been identified in children and adolescents [3] .
CRF is a direct marker of physiological condition, reflecting the capacity of the cardiovascular and respiratory systems to provide oxygen during a continuous physical activity, carrying out prolonged exercises [4] . Recent studies have shown that not only obesity [5] or physical activity [6] but also cardiorespiratory fitness (CRF) should be studied when analyzing the prevalence of CVD risk factors in youth population. Indeed, while some observational studies have shown that childhood obesity is associated with a higher metabolic risk profile [7] , results from other surveys such as the Quebec Family Study indicated that in different BMI categories, higher levels of CRF were associated with a better CVD risk profile [8] . Further, in Danish children it was suggested a strong relationship between activity and metabolic risk in children with low cardiorespiratory fitness [9] .
Although an inverse association between obesity and levels of CRF has been suggested [10] , there is little evidence *Address correspondence to this author at the Faculty of Sports, Porto University, Research Centre in Physical Activity, Sports and Leisure, Porto; Tel: +351 919896911; Fax: +351 229825331; E-mail: clarice.br@fade. up.pt showing an interaction between CRF and fatness in relation to CVD risk factors [6] . Moreover, there is some evidence that youngsters with a high CRF profile have a healthier cardiovascular profile not only during adolescence but also in later life [11] , and this evidence seems to be independent of body weight [12] . Therefore, based on this scarce data about the inter-relationship between CRF and adiposity, some studies are attempting to determine the contribution of each variable on CVD risk factors by controlling for the simultaneous effect of the other variable [13] .
Abdominal fat and low CRF may both increase the risk of clustered CVD risk. It may therefore be of value to describe the independent association of these traits in relation to clustering of CVD risk factors.
Therefore, the aim of the present study was 1. to investigate the relationship between cardiovascular risk factors, CRF and three different indicators of fatness (BMI; %Fat and wais circumference), and 2. investigate if these relationships are independent by each other.
SUBJECTS AND METHODS

Design and Sample
This study was carried-out as a part of an observational research project looking at the prevalence of CVD risk factors and levels of physical fitness in children and adolescents aged 10-16 years-old of both genders. The study was conducted at Porto district, Portugal. Children and adolescents were chosen at random from the 4 th till the 12 th school grade, according to general school system rules, which has previously been described [14] .
From a total of 516 students that agreed to participate in the study, a total of 491 children did all measurements (223 boys, 45,4% and 268 girls, 54,6%). Children, parents and schools approved the study protocol.The nature, benefits, and risks of the study were explained to the volunteers, and parents written informed consent was obtained before the study, consistent with the Helsinki Declaration. The evaluation methods and procedures were approved by the Scientific Board of the Faculty of Sports of the University of Porto.
All measures were carried out by a specialized group (Physical Education teachers, medical doctor).
Daily Evaluation Protocol
Subjects were identified through his/her code number and code of the school. Fasting blood samples were taken followed by blood pressure measurements. The children were then given breakfast followed by the determination of their maturational stage. Finally the shuttle-run test was performed. The variables were measured between 8:00 and 11:00am.
Blood Sampling
Capillary blood samples of participants were taken from the right earlobe after at least 12 hours fasting in order to obtain values of plasmatic total cholesterol (TC), high density lipoprotein cholesterol (HDL) and fasting glucose (GLUC). The blood samples were drawn in capillary tubes (33 μl, Selzer) coated with lithium heparin and immediately assayed using Colestech LDX® Analyser.
The sample was applied into a Cholestech LDX® cassette and the analyser separates the plasma and the blood cells. Cassettes were stored in the refrigerator after reception. The Cholestech LDX® analyser has been proven to provide good agreement with laboratory measures for populationbased screaming for cardiovascular risks factors [15] .
Blood Pressure
Blood pressure (BP) was measured using the Dinamap adult/pediatric and neonatal vital signs monitors, model BP8800. Measurements were taken by a trained technician and with all children sitting after at least 5min rest. Two measurements were taken after five and ten minutes rest. The mean of these two measurements was used for statistical analysis. If the two measurements differed by 2mmHg or more the protocol was repeated (two new measurements until the difference did not exceed 2 mmHg).
Anthropometric Measures and Body Fat
Body height was measured to the nearest mm in bare or stocking feet with the adolescent standing upright against a Holtain Stadiometer. Weight was measured to the nearest 0.1 kg, lightly dressed and after having breakfast, using an electronic weight scale (Seca 708 portable digital beam scale). Body mass index (BMI) was calculated from the ratio of body weight (kg) / body height (m 2 ).
To evaluate the waist circumference (WC), the NHANES [16] protocol was used. A bony landmark is first located and marked. The subject stands and the examiner, positioned at the right of the subject, palpates the upper hip bone to locate the right iliac crest. Just above the uppermost lateral border of the right iliac crest, a horizontal mark is drawn, and then crossed with a vertical mark on the midaxillary line. The measuring tape is placed in a horizontal plane around the abdomen at the level of this marked point on the right side of the trunk. The plane of the tape is parallel to the floor and the tape is snug, but does not compress the skin. The measurement is made at a normal minimal respiration Body fat was determined by tricipital and subscapular skinfolds, according to Heyward [17] . Each skinfold was measured twice and in a successive way, in the right side of the body. However if in these two measurements there was a difference above 5% a third measure was performed. The final result consisted of the mean of the two or three measurements for each skinfold. A Harpender caliper with a constant pressure of 10 g/mm 2 was used and all measurements were completed by the same observer. The percentage of fat (%fat) was estimated from skinfolds measurements, according to Slaughter et al. [18] equations.
Maturational Stage
Regarding the maturational stage, the adolescents were inquired separately during physical examination. Each subject self-assessed his/her stages of secondary sex characteristics. Stage of breast development in females and pubic hair in males was evaluated according to the criteria of Tanner [19] . Previous study showed a correlation of 0.73 between ratings on two occasions (three day interval) in a sub-sample of 50 selected subjects and concordance between selfassessments of sexual maturity status and physician assessment ranged from 63% for girls and 89% for boys [20] s.
Cardiorespiratory Fitness (CRF)
CRF was predicted by maximal multistage 20m shuttlerun test according to procedures described by Léger et al. [21] . The FITNESSGRAM test battery [22] which comprehends several physical fitness tests was selected because of its easy of administration to large numbers of subjects, and in addition its choice of reliable and valid health-related physical fitness measures [23] . From the tests that compound the FITNESSGRAM, only The Shuttle Run Test, which predicts maximal aerobic capacity according to the number of completed laps, was obtained. Furthermore, the 20 meter Shuttle Run Test showed good correlation with directly measured VO 2 max (r=0.80) suggesting that it could be used as a measure of aerobic fitness in children [24] . Nevertheless, VO 2 max expressed per unit body mass (ml.kg -1 .min -1 ) has been criticized [25] . Therefore, the CRF was expressed per number of completed laps achieved in the Shuttle Run Test. There are several studies that assessed cardiorespiratory fitness by the number of completed laps in Shuttle-Run Test [26] .
Children were then categorized in fit or unfit according to adopted age-adjusted criterion referenced health standards (Health Fitness Zone) for individual CRF test item in the Fitnessgram test battery, as belonging to a healthy zone (fit) or under a healthy zone (unfit).
Statistical Analysis
Descriptive statistics were used in order to characterize the sample. Given that fact, there is not a clinical criteria for the metabolic syndrome and in the literature different defini-tions differ in detail and inclusion criteria [27] , none of its cutoff points apply specifically to children [28] .
There are two reasons for not using cut off points when we constructed the composite score: 1) no consensus about the level of the cut off points, and 2) it reduces information to use cut offs instead of continuous scores.
Standardized metabolic risk scores (MRS) were computed for each risk factor. The following variables were included in the MRS: glucose, HDL-C, LDL-C, TC, blood pressure (systolic and diastolic), and triglycerides. Each of these variables was standardized as follows: standardized value = (value -mean)/ standard deviation. The HDL-C standardized values were multiplied by -1 to confer higher risk with increasing value for the purpose of calculating the MRS, which was obtained as the mean of the 6 standardized scores. This approach has been used before in youth population [29] . Multiple linear regression analysis was used in order to investigate the relationships between fatness, fitness and the MRS. Four independent variables (WC, %FAT, BMI, and CRF) and two dependent variables (MRS and CRF) were performed in separate models.
The Univariate Analysis of Variance -GLM was used to determine if different levels of fitness (Unfit and Fit) were related with clustered metabolic disorders, independent of fatness indicators (Zscore of BMI, WC and % fat). Four different models were analyzed. In the first model, the influence of CRF in the MRS, without obesity indicators was analyzed. The three subsequent models indicate the influence of both CRF and obesity indicators in the MRS. For each model, two analyses were done. In the first one, a crude metabolic risk score was constructed and the analysis was adjusted for sex and maturational status. As there was no interaction between the terms, age and sex specific standardized metabolic risk scores (MRS) were computed and all subjects analyzed together. Analysis was performed with the statistical software package SPSS 15.0 for Windows and level of significance was set up at p 0.05. Table 1 shows descriptive statistics (mean±SD) of all variables, separately for fit and unfit subjects. It was observed that in general, unfit subjects tend to have higher mean values of metabolic risk factors, especially the lipid profile. Total cholesterol, HDL cholesterol and triglycerides levels different between groups. Unfit children presented higher values for glucose and LDL cholesterol as well, though this tendency was not significant.
RESULTS
Regarding the adiposity indicators, fit subjects presented significant lower values for BMI, waist circumference and percentage of fat, when compared to unfit.
Relationships between the MRS, the three indicators of fatness and fitness, and the relationship between fitness and fatness indicators are shown in Table 2 . All the variables were expressed as z-score values. In this analysis, significant relationships between the MRS, fat indicators and fitness were observed. The strongest association was observed when MRS and fitness were related to percentage of fat ( = .089 and = -.317 respectively).
In Table 3 four different models of predicting metabolic disorders were analyzed by an univariate linear regression model. The main outcome was the MRS and the independent variables were fitness, BMI, WC and % fat. The first model shows fitness as predictor of MRS and indicates that the differences between the fit and the unfit group was F=.158. The other three models represent the same idea, with further adjustment for BMI, WC and %fat, respectively.
The results indicate that after adjustment for fat, the relationship between fitness and MRS disappears for all the three adiposity indicators.
DISCUSSION
This study analyzes whether the association between fitness and CVD is independent of fatness.
Since the onset of chronic disease risk factors lies in early childhood, it is of great importance to examine the potential risk in order to make effective preventive strategies targeting those at risk as early as possible. It is important to point out that interventions targeting fitness may change fitness rapidly while interventions targeting fatness may take longer time before major effects are seen.
The main outcome of this study was that both fitness and fatness were associated with clustering risk factors in children and adolescents.
Although our data showed that our fit youngsters presented a better data with regard each of CVD risk factors analyzed isolated ( Table 1) . The results of the regression analysis (Table 3) showed that belonging to the unfit category increased the risk of having high MRS (B=.158; p<0.05). However, when models were adjusted for each of the indicators of adiposity (BMI, %FAT; WC), the relationship between being fit and MRS disappeared. All the three fat indicators were associated with MRS, after adjustments for gender, age and maturation. Thus, our findings agree with similar studies showing that higher levels of CRF are inversely associated with healthier CVD profile in children and adolescents when CVD risk factors were computed as a clustered metabolic risk score [6, 30] .
We observed a statistically significant association between CRF and MRS. Though, after adjustment for adiposity, this association disappeared. This observation could let to the interpretation of fitness not being important to this relationship between fitness, fatness and MRS. However, this may not be true. The interpretation depends on how the causal chain is. If fatness is an intermediate link between low fitness and CVD risk then the fitness would disappear after adjustment for fatness, but low fitness would still be the cause.
Overweight and obesity are associated with an increased risk of CVD risk factors early in life. Our data seems to confirm that adiposity, regardless the indicator used, is a strong predictor of MRS. Reinforcing this idea, Eisenmann et al. [5] resented some evidences for considering not only obesity, but both adiposity indicator and CRF when interpreting CVD risk factors in the young population. Some data pointed out that moderate to higher levels of CRF have been associated with lower abdominal adiposity, suggesting that a mechanism might exist by which CRF attenuates the health risk of obesity [31] . The association between fitness and MRS changed when adjusted for fatness could support the hypothesis that MRS is not entirely mediated by fitness or fatness, but only part of this association is mediated by a singular factor.
In addition, obesity has been shown to be strongly associated with insulin resistance [32] and other CVD risk factors. When evaluating the relation between CRF and insulin sensitivity in U.S youth, Imperatore et al. [33] observed that in boys, higher CRF was associated with high insulin sensitivity, independent of BMI. In girls this association disappeared after controlling for BMI. Given that insulin resistance could be a predictor of obesity and cardiovascular risk factors [34] , the findings of these studies could explain some of our results and suggest that maybe the insulin resistance could be the mediator link between CRF, obesity and clustered risk factors. If we assume that fatness is the main mediator of the relationship between clustered risk factors and CRF [35] we do not take in consideration the fact that insulin resistance could be the link behind this relation. Further, insulin sensitivity is mainly related to the muscle tissue, because a great portion of the carbohydrate is stored or burned in the muscle [36] . One-leg training models have shown that insulin sensitivity is very local. Glucose uptake can be doubled in the trained leg compared to the untrained leg, and this is independent of fatness (the legs share the rest of the body) [37] .
All those studies corroborate in some sense with our findings and highlight the important need of increasing the levels of CRF in children and adolescents in order to minimize the prevalence of CVD risk factors in this population. Nevertheless, some limitations should be pointed-out. Firstly, the small sample size might explain some of our lack of association. Secondly, CRF was assessed indirectly. Indeed, there are many concerns regarding the use of running tests as an indicator of CRF in young children. Performance in the growing years can be compromised in many children due to their relative immaturity from a biomechanical and energy efficiency perspective [38] , as well as their motivation, especially in girls [39] . However, the easy administration of shuttle-run test and its common use in large scale studies makes it a valuable tool for studying CRF in youth. Furthermore, this study could benefit from additional collected data, such as combined behavioural variables and social background characteristics, which could enhance the outcomes.
CONCLUSION
In this study it was observed significant relationships between clustered CVD risk factors, fatness indicators, especially percentage of fat, and fitness. After adjustment for fatness, the relationship between fitness and clustered risk factors disappears for all the three adiposity indicators. In conclusion, both fitness and fatness are associated with clustered risk factors by different pathways.
